Galactic diffuse γ-ray emission at TeV energies and the ultra-high energy cosmic rays AIP Conf. Proc. 410, 1203 (1997) Abstract. The structure of the CGRO satellite is irradiated by cosmic rays and trapped particles from radiation belts. These incident particles produce radioactive nuclei in nuclear reactions with the satellite structure. Most of the radiation dose can be attributed to the passages through the South Atlantic Anomaly. The incident particle flux on the COMPTEL instrument is estimated from the event rate of a plastic scintillation detector. This event rate is modeled with a Neural Network simulation. The increase of the event rate during SAA passages is taken as a measure for the amount of induced radioactivity. A Neural Network Model is used to derive .the buildup of radioactive nuclei in the instrument over the first five years of the mission. Measurements of the internal 22Na-and 24Na-activity are used to estimate the proton flux in the SAA. The result is consistent with earlier measurements and models.
INTRODUCTION
The signal to background ratio is small for Compton telescopes in astrophysical experiments. Therefore a good understanding of the background is essential. The goal of this study is to provide a good measure for the activation of the COMPTEL instrument, which is helpful for the construction of background models. Instrument: A detailed description of COMPTEL onboard CGRO can be found in SchSnfelder et al. (1993) . COMPTEL consists of two sets of detector modules. An incoming gamma-ray photon is Compton scattered in the upper D1 detector (liquid scintillator) and assumed to be totally absorbed in the lower D2 detector (NaI). Two calibration units ("Cal-units") are located between the two detection layers at the side of the instrument opposite each other (Snelling 
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This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: et al., 1986). The Cal-unit is comprised of a 6~ doped plastic scintillation wafer, viewed by two 1/2 inch PMTs. The primary use of the Cal-unit is to tag the gamma-rays from the decay of 6~
Input data:
The count rate of the plastic scintillator inside Cal-unit B varies considerably with respect to several parameters. Figure 1 shows the variation of the count rate of Cal-unit B with time. The effect of the satellite reboost around TJD 9300 from about 330 km above earth to about 440 km is clearly visible. The dependance on solar cycle is shown in Figure 2 . The black dots represent measurements at the beginning of the mission around solar maximum; the gray dots, near solar minimum in the same altitude range.
Neural Network Simulation:
A Neural Network Simulation was chosen to model tl~e cal-unit rates as a function of the orbital parameters, because most of the functional dependencies are unknown and because the parameter space is unevenly filled. Measurement noise and data gaps prevent use of the raw data itself as a model for the activation of the instrument. A Neural Network Simulation Model with ? input neurons, and 2 hidden layers h 10 neurons and one output neuron was built. The activation o(j,n) of the neuron j in layer n equals the sigmoidal function F of the weighted sum of the activation from all N neurons in layer n-1 plus a bias bj:
with
Each input neuron presents one of the seven input parameters as its activation to the network. The input values are propagated through the network using the formulas above. The output of the last neuron represents the model value corresponding to the input values. The following model parameters were chosen: height above earth, geographic longitude and latitude, time since launch (to include solar cycle variations), and the orientation of the satellite relative to the propagation direction (azimuth, declination), to account for asymmetries in the incoming particle flux. To take care of the discontinuity of the azimuth angle at 360o/0 ~ , the sine and the cosine of this angle are used as input parameters. During the training of the network using the baekpropagation algorithm, the weights wij and the biases bj are optimized, minimizing the deviation between model and data. A similar approach was made for the Neural Network simulation of the background count rate of COMPTEL (Varendorff et al., 1996) . M e a s u r e m e n t of the cascade lines: At the decay of 22ha a 1.275 MeV photon and/3+-particle are emitted simultaneously. The annihilation of the positron (after its deceleration) produces 
R E S U L T S Model data comparison:
The number of nuclei generated as a function of time is then assumed to be proportional to the value produced by the activation model. This is then folded together with the corresponding half life times of the isotopes. A comparison of the measurement of the activation of the COMPTEL instrument and the model is shown in Figure 3 (each dot represents one observation period). The scaling factor from the measured Cal-unit count rates to the number of 22Na-and ~4Na-nuclei as well as the initial number of those nuclei are taken from a fit of the model to the measured data. The scatter in 22Na is caused by the statistical and systematic error of the fit to the data. The activition in 24Na with a half life time of only 15 hours shows much more scatter than the activation in 22Na. This is caused by the different orientations of the satellite relative to the anisotropic incident particle flux. The strong increase of the cascade lines after reboost around TJD 9300 is clearly visible in both plots. 
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The recent reboost to a hieght of about 517 km will increase the combined background from 22Na and 24Na by a factor of 2 to 3 in the next 1 to 2 years. Estimation of the average incident proton flux:
The radioactive isotope 2~Na is produced by the interaction of energetic protons with Al-atoms in the structure of the satellite. The measured time of flight distribution of the events from the 22Na decay shows, that mainly events from the structure near the upper detector (D1) contribute to the signal. The Al-mass around D1 is approximately 125 kg with a thickness in the range of 1 cm to 2 cm. The average daily proton fluence is then estimated by comparing the daily increase in the number of proton produced nuclei with an estimate of the efficiency of the production of these nuclei by protons. To simplify the calculation, all the A1 mass was put in a plate of 2 cm thickness and irradiated by protons following the spectral shape of a model calculation of the orbital proton spectrum (Stassinopoulos, 1981) . At the beginning of the mission during solar maximum at an orbital altitude of 440 km a daily production of 1.7 9 10 ~ nuclei of 22Na was derived from measurements of the 22Na count rate. A daily proton fluence ( E > 100 MeV) of 2.3 9 10 s protons/cm 2 can be inferred from those numbers. For an altitude of 462 km a daily fluence of 5.105 protons/cm 2 was predicted by Dyer et al. (1994) .
